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ABSTRACT 


A survey, using results from the first 25 orbits of ISEE-1, has 
been made of some aspects of electrons in the dawn magneto sheath. There 
are indications that the flow of plasma is not uniformly turbulent over 
this region. The electron heat flux is observed to be directed away 
from the shock and to have an average value of about twice the inter- 
planetary heat flux. Many magnetopause crossings were observed and 
usually resemble abrupt transitions from one well-defined plasma state 
to another. The ejection of plasma from flux tubes convected up against 
the magnetopause is observed for about half the time, and its thickness 
and dependence on the solar wind mach number agrees with theoretical 
predictions. A full traversal of the whole forward hemisphere of the 
magnetosheath is required to fully confirm these deductions. 



INTRODUCTION 


In this paper the aim Is to Illustrate the capabilities and operation 
of this instrument and the data reduction system by conducting a pre- 
liminary partial survey of the magnetosheath using appropriate data obtained 
during the first 25 orbits of ISEE-1. This survey, which Is confined to 
the region of the sheath between the subsolar point and the dawn meridian, 
will be concerned with observations of the electron distribution functions, 
and the flow of heat, and also the behavior of the plasma dens.ty In the 
region adjacent to the magnetopause. Examples of magnetopause crossings 
will be given, and the discussion of this data set Indicates that the 
picture of a magnetosheath unstable to the mirror Instability, with large 
amplitude slow-mode hydromagnet Ic waves, and bounded by a magnetopause 
whose surface carries wave-llke disturbances Is generally applicable. The 
reductions of density adjacent to the magnetopause are found to be con- 
sistent with the theory of Zwan and Wolf (1977), and result from the 
expulsion of plasma from flux tubes as these are convected up to the 
magnetopause. Such reductions occur In at least half of the traversals 
and seem to depend weakly If at all upon the angle between the Inter- 
planetary biagnetlc field and the solar wind flow direction. 
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THE INS TRUMENT 

The Instrument forms the subject of a separate paper (Ogllvle, 

Scudder and Doong, • 1978) ; we therefore give only a very condensed 
description here. In order to determine the distribution function of 
electrons in three dimensions, it measures the electron spectrum along 
both senses of three perpendicular directions fixed in the coordinate 
system of the spacecraft. One such 6-axis measurement is taken fo." every 

sixty degrees of spacecraft rotation, which takes approximately one-half 
second. From Che 36 spectra taken during each spin, the velocity dis- 
tribution function is derived and its velocity moments obtained. This 
process is much simplified because simultaneous measurements are taken in 
each sense along each of the three axes. There are three energy ranges, 
7.6 to 512 eV, 11 to 2062 eV, and 109 Co 7285 eV, but only the first two 
were used in the present work. (The third energy range is designed to be 
used for the study of solar electron events.) An individual data point 
always has the same time resolution, and when the spacecraft is operating 
at high bit-rate (16 Kb/s) the telemetry system can transmit a complete 
measurement for every spin. At the low bit-rate (4 Kb/s for 80% of the 
time) the instrument obtains a measurement every fifth spin and is 
inoperative while this is being transmitted. Each of the six cylindrical 
electrostatic analyzers has two channelCron detectors, and the present 
measurements were made using both, in order to improve counting statistics 
at the higher energies. The angular field of view of each analyzer is 
8.5 X 11 degrees, and sixteen energy steps are sampled with 5.5X FVmM 
energy resolution. 
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OBSKRV ATION S 

Flgun* I slwwM an exam|iltf of a corapleto outbound travoraal of the 

magnetoaheath, on October JO, 1977, from the magnetopauHe at 00A5 U.T, to 

the bow ahock at 0250 U.T. In this plot we show the density and bulk 

speed, the azimuth .ind latitude .ingles deacrlblng the bulk speed direction, 

the temperature, temperature .anisotropy, the heat flux (In the rest frame 

of the plastKi) .ind two angles defining i.s direction. We use this figure 

to Illustrate qualitatively some general features of the data. Average 

-1 -I 5o 

conditions (n ■ 8 cm , U • 425 km sec , T ■ 2.2 x 10 K) were Indicated 

e 

In the solar wind, across the bow sliock these par^uneters Junqi to 
(n * 22 cm U ■ 250 km sec \ • 5.5. x 10 . The directional 

changes are of the correct ma^;nltude and In the correct direction to agree 
with the aerodynamic model of the magnetoslv ath flow. The heat flow Is 
towards the sun outside tt>e bow shock, .and towards the earth Inside the 
magnetosheath. Upstream heat flows have been previously described by the 
lais Alamos and OSFC groups (Feldman jjjl. . 1973; Scudder a_l. , 1973), and 
are seen as a matter of course when measurements arc made at a point 
connected to the bow shock by the Interpl.inetary magnetic field. The flux 
of heat In the magnetosheath, larger In magnitude than that In the Inter- 
planetary medium, seems not to have been previously evaluated and discussed. 

A feature commonly seen In the present magnetosheath traversals Is 
the presence of a region or regl<">n8 of space where the flow Is less 
turbulent than the flow In the nuignetoslwath as a whole. In the present 
example one such region nuiy be seen from about 0207 U.T. to about 0244 U.T. 
The temperature iind flow directions are seen to be more constant and the 
heat flux both larger and more const.int there th.an elsewhere along the 
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trajectory. Thene regions of less turbulent flow are usually seen in 

the fflld-magnetosheath between the disturbed region Invredlately downstream 

of the bow shock, and the region of slo%f-mode waves adjacent to the 

magnetopause. Another region of low turbulence, obserx't 1 when the spacecraft 

was In the high bit-rate mode. Is shown In Figure 2. A change In the magnetic 

field and heat flux directions occurred at 3117 U.T. and the plasma became 

less turbulent, remaining so until 0135 U.T., and during this Interval both 

the density and beat flux decreased. The form of the distribution function 

changed during these intervals corresponding to the change In density and 

heat flux as shown In Figure 3; the heat Is carried by electrons with 

energies above 50 eV. The magnetosheath heat flux magnitude, which 

-3 -2 2 

normally lies between 5 x 10 and 5 x 10 orgs/cm /sec, and has a mean 

-2 2 

value for the present observations of 1.7 x 10 c.rgs/ca /see. Is con- 

-3 2 

siderably larger than the Interplanetary heat flux of ~ 8 x 10 ergs/ci /sec 
(Feldman et al. , 1975). Striking apartlcle energy balance across the bow shock 
requires extensive detailed simultaneous measurements of solar wind and 
upstreaming Ions and electrons, and of protons and electrons in the 
magnetosheath, and this cannot be carried out here. However, inserting 

average values Into the equation 
r 

[ 

indicates that approximate balance can be obtained to ~ 207 , accuracy, 
assuming that dominates over In the sheath as It does in the solar 

wind. 

The electron temperature anisotropy usually changes from less than 
unity to greater than unity when the nuignetopause Is crossed. Figure 1, 
and a density reduction, present In 25 of the 48 traversals examined to 


.E. flux + 


Enthalpy flux Op Qg 1 ■ 0- 
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date, ia ciearLy seen aa the nwignctopauau la approached. AC Che 
magnetopauHe croHslng, In thia example altuated 37.5 degreea from the 
aubsolar point In the ecliptic plane and 25 degrees above it, the flow 
direction changea, and the flow apecd U, calculated from the relation 

• - - 2 

j f (v) V V lUi dv 

— — (i) 

jf^ (v) v" do, dv 

apparently Increasea. Theae changea arc In qualitative agreement with 

the pretence of a boundary flow. However apparent flow speeda of order 

hundreds of km sec ^ art often calculated deep Inside the magnetosphere, where they 

persist for dlatancea of miuiy earth radii. Kurtheru >re their apparent 

direction la approximately petqiendlcular to that of the magnetic field, leading 

one to suspect that here Equation (1) does not predict the true bulk speed of 

Che plasnui. Tf one makes a scatter plot of U from Equation (1) against 
T/ S 

( 'll) , which Is proportional to the radius or the Debye sphere, approximate 
proportionality la found. Figure 4 shows this result, and also that the 
apparent speed U decreases for Increasing density In a constant temperature 
plasma. Montgomery e_^ a^. (1973) have discussed low energy electron measure- 
ments with Vela spacecraft, noting the spacecraft potential was Inversely 
related to the Incident electron flux .ind that there was an asymmetry In 
the photo-electron flux while In the dilute plasma sheet. Tlie ISKE spacecraft 
were constructed in such a way as to make their surfaces approxi.nate 
equlpotentlals, but the resistivity of, for example, the InO coating on 
the solar panels. Is sufficiently high to allow the presence of a potential 
difference of 1-2 volts between the sunlit and shadow sides. Such a 
potential difference. Increasing In magnitude with that of the spacecraft 
potential, could account for these apparent nntl-solar hulk flows. We 
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thii^ consider that the apparent hulk speeds calculated inside the 
magnetosphere using Equation (1) are probably not physical, at least 
near the sub-solar point. At large angles to the sub-solar point, where 
there Is k strongly anti-solar flow In the boundary layer, care must be 
taken with the interpretation as asymmetry due to such flows adds 
vcctorially to asymmetry due to any effect of the spacecraft potential. 

As may be seen in Figure 4 the calculated values of U tend towards a 
number greater than zero for low temperatures and high densities. At 
large angles to the sub-solar point, the significance to be attributed to 
an individual value depends upon conditions at the tiim; of measurement, 
and they will often represent real flows in the boundary layer and plasma 
mantle. In the solar wind nnd magnetosheath we see from Figure 4 that 
the effect we describe will be less than ~ 25 km sec and our values of 
U may be freely interpreted as the plasma bulk speed to at least that 
accuracy. Direct checks with results from other experiments show agree- 
ment to an accuracy of a few km sec 

In Figure 5 we see four further sets of magnetopause crossing 
obser/ations; the magnetosheath is characterized by densities of 10-30 
and temperatures of 3-4 x lO^^K and is on the right in the figure. The 
outer magnetosphere typically has much higher temperatures and lower 

densities; kT . changes from ~ 2 to ~ 200 in crossing the magnetopause, 
n 

The upper two crossings show density reductions adjacent to the boundary, 
and significant wave activity (Crooker, Eastman and Fairfield, 1977; 
Crooker and Siscoe, 1977). Between 1005 and 1020 U.T. on November 1 
(third and fourth panels) we can see quas i-sinusoidal oscillations with 
n and T in phase (but out of phase with B) . Multiple magnetopause 
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transitions are very coiainon« and these frequently have. In the electron 
data, tlie appearance of trs' iltlons between two definite stable states. 
This la consistent with the motion of a surface carrying waves whose 
amplitude Is large compared to Its thickness as suggested for the 
magnetosphere by (^ubry ^ • 1971). 


DISCUSSION 


A pronlnenC feature of the nagmetoshcath lit the density reduction which 

occurs adjacent to the magnetopause on about half of the traversals. This 

effect has been studied by Cunnings and Coleman (1968) and Freeman (1968), 

and modeled by Zwan ano Wolf (1976). Observations by the plasma analyzer 

and magnetometer on lNP-6, analyzed by Crooker, Eastman and Fairfield 

(1977), exhibited such a density decrease in eleven of the seventeen 

crossings studied. It is of interest because it is a hydromagnetic 

effect (models without a magnetic field predict a density maximum at the 

magnetopause), and because the process is inconsistent with the occurrence 

of large-scale magnetic merging. Crooker and Siscoe (1977) have pointed 

out that this effect is a liValy cause for a pressure anisotropy, in the 

sense of P, < P . in the dayside magnetosheath. The magnetosheath crossing 
It ^ 

shown in Figure 1 is a typical sample from the present measurements, and it 

T 

can be seen that the electron temperature anisotropy A ( * [|/^ ) usually 

A 

lies between 0.8 and 1.2. During the quiet periods it is characteristically 
less than unity, and in the region of waves adjacent to the magnetopause it 
is usually greater than unity. In the magnetosheath, the ions make a some- 
what greater contribution to the pressure than do the electrons, so there 
is no contradiction in the present observations to the picture of Crooker 
and Siscoe (1977) of an inner magnetoshcath, unstable to the mirror in- 
stability over a large portion of the dawn sector. 

Density reductions were observed adjacent to the magnetopause in 
25 out of 48 magnetosheath traversals and we can compare their magnitude 
with the model of Zwan and Wolf (1976). Table 1 shows parameters for 15 cases 
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for which «uf fir tent infomation has been obtained to make an approxi- 
mate quantitative test of the relation between D, the effective thickness 
of the layer of reduced density and the Alf\'en marh number of the solar 
wind. This relation predicts that the higher the mach number characterising 
the solar wind flow, the thinner the layer of reduced density will be. 

D Is defined as the distance from the magnetopause to the point where the 
density Is half of the eventual value. The roach number is that obtained 
from the observations made In the solar wind a short distance upstream of 
the bow shock. Since the magnetopause Is in motion, and all the necessary 
quantities change with time, we cannot expect to achieve a highly precise 
test, but approximate agreement and the correct itlope cf the dependence 
will Increase our confidence In the correctness of the physical mechanism 
suggested to explain the effect. Figure 6 displays the data from Table I, 
together with the prediction of Zwan and Wolf. The theoretical curves 
marked j ■ 1.00 and u ■ 1.25 show the predicted effect of magnetic tension. 

The value u ■ 1.00 represents the case In which the magnetic field line approxi- 
mates a great circle on the megnjtopause and the tension has no effect In accel- 
erating the flux tube along the boundary, J - 1.25 represents the case where the 
Is a component along the boundary. There Is considerable scatter among 
the points In Figure 6, and this is comparable to the distance between 
the tvo theoretical curves, but both the order of magnitude of D and the 
slope of Its variation with the mach number arc In agreement with the 
theory. Since as a result of the average direction of the Interplanetary 
magnetic field, the downside shock tends to be parallel and therefore 
more often unstable or pulsating than the shock on the dusksldc, data 
from the dusk magnetosheath may Improve the precision of this work when 
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it becomea available, since the sane phenomenon should occur on each 
side of the noon meridian. 

Figure 7 shows an example of a magnetopause crossing not showing a 
density reduction. The crossing takes place abruptly, although there Is 
an Indication of wave motion In the three-minute period Inraedlately 
before the crossing. Examples can be found where there are multiple 
crossings of the magnetopause during a magnetosheath passage and some of 
these exhibit density reductions, while the others do not. 
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CONCLUSIONS 

As a result of *-his prellnlnary survey of electron data obtained 
in the Javm magnetosheath IL la hardly appropriate to draw other than 
tentative conclusions, with the understanding that they must be confirmed 
by future tn.>rk. When that la understood, one can put down some 

features of these observations which appear to be correct and also to be 
relevant tu understanding of the magnetosheath and magnetopause. 

1) . The flow Is not uniformly turbulent all over the magneto sheath, 
regions of quiet flow often occurring sandwiched between turbulence 
associated with the two boundaries, the bow shock and the magnetopause. 

2) . The average electron heat flux In the nuignetoshiiath Is about 
twice that In the solar wind and Is directed away from the bow shock. 

3) . Magnetopause crossings observed by the behavior of the low 
energy electrons often have the appearance of rather sharp transitions 
between two definite states. Although this Is not always observed. It 
Indicates chat the magnetopause Is often a thin boundary In motion oi 
carrying large amplitude surface waves. 

4) . Tlie density reduction, predicted as a result of plasma flowing 
out of flux tubes as they are convected up agauist the magnetopause. Is 
observed Co occur for about of magneCosheath traversals. The width 
of this depletion layer, and Its variation with solar wind mach number, 
are approximately as predicted by theory. Large amplitude waves are 
observed In the depletion layer. None of these features of the data 
necessarily occur in a given crossing, but all are frequently observed. 
Since It takes approximately four hours for the spacecraft to cross the 
magnetosheath It la not to be expected that Figure 1, for example. 
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represents anything like a tine -stationary situation. The presrnt 
observations do, however, provide support for the theoretical models of 
Zwan and Wolf (1975) and Crooker and Siscoe (1977). Since the presence 
of a depletion layer Is Inconsistent with large scale reconnection, 
these observations favor the Idea of the predominance of locally confined 
nK*rglng processes, as suggested by Haerendel a^« (1978). 
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FIGURE CAPTIONS 


Figure 1 A complete traversal of the magnetoaheath on October 30, 
1977, showing the variation of density, bulk speed, bulk 
speed azimuth and elevation angles, temperature and 
temperature anisotropy, and the heat flux and its azimuth 
and elevation angles. Note the especially stable period 
between 0200 and 0244 UT. 


Figure 2 A period of low turbulence observed on December 9, 1977, 
between 0317 and 0335 UT. 


Figure 3 Distribution functions observed during the period shown in 
Figure 2, along and perpendicular to the average magnetic 
field direction. 

u 

Figure 4 A plot of the value of Usee text, versus 0.15 Yj,) t dots; 

6o 

also the value of U vs. density for T ■ 3 x 10 K shown as 
circled points. 

Figure 5 Four examples of observations of crossings of the magnetopause. 
The magnetosphere is on the left in the diagram. 


Figure 6 Measured values of D, the thickness of the depletion 

layer adjacent to the magnetopause, plotted against the 
solar wind Alfven mach number determined at the nearest 


shock crossing. 



Figure 7 


A magnetopauiio crossing which did not show a depletion 
layer. 
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